Abstract Overall, vertebroplasty has a low complication rate. Nevertheless, severe complications can occur. The majority of these are related to cement extrusion. The rate of cement leakage is often obtained by X-ray, with only a single leak registration per vertebra. Detection rate of leaks in comparison with CT and interobserver reliability for X-ray is, in large parts, unknown. We conducted this study to determine the value of fluoroscopy and X-ray used to detect cement leakage as compared to CT scans. Intraoperative findings in lateral fluoroscopy by the surgeon, and postoperative findings in X-rays by two orthopaedic surgeons, were compared with CT scans for the same study group. Multiple cement leakage was considered, and agreement rate was determined. The detection rate for leaks was 34% for lateral X-ray and 48% for lateral and AP view. Additional AP views only enhanced the detection of leaks in the segmental veins. The agreement rate between fluoroscopy/Xray and CT scans ranged between 66% and 74%, while inter-observer reliability showed only fair agreement. The rate of cement leaks in vertebroplasty is high if multiple leaks are considered in CT scans. Detection rates using X-rays are low and complicated by only fair interobserver agreement. Leaks in the basivertebral veins are frequently misinterpreted and can lead to severe complications. Therefore, CT scans should be obtained to calculate the exact leakage rate and to assess persistent or new pain occurring postoperatively.
resulting conclusions for the technical performance of vertebroplasties were drawn.
Materials and methods
Below are the details of the vertebroplasties we performed in our institution between January 2003 and 2004 . The study group consisted of 21 patients, 15 female and six male, with 29 treated vertebrae. The average age of the participants was 73.1 years. The women ranged between the ages of 62 and 84 (average age 74.8) years, while the men were aged between 51 and 77 (average age 69.0) years. Indication for vertebroplasty was, in all cases, an osteoporotic vertebral fracture with refractory pain under conservative treatment. Conservative treatment consisted of analgesics, rest and gentle physical therapy. The average pain duration before vertebroplasty was close to 6.5 weeks, with a range from 2-24 weeks. In one patient, additionally, a spinal canal stenosis was treated by the undercutting of L3/4 and L4/ 5. In two other patients a biopsy was performed in the same procedure before the vertebroplasty. Preoperative X-ray and CT were carried out in all patients. MRI was done if multiple fractures of different ages were evident, to determine the pain-causing level and, thereby, minimize the number of levels to be treated. Three vertebrae (Th12, L1, L4) in different patients showed that the posterior wall was affected in the CT scans (Fig. 1 ). According to Magerl et al. [18] , they were all classified as incomplete cranial burst fractures, type A 3.1.1. Vertebroplasty was performed in the OR under general anaesthesia. 15 times a short median approach and six times a bilateral approach according to Wiltse et al. [29] was chosen. The pedicle entrance point was located under fluoroscopy. After insertion of the needle (11G), vertebral venography was carried out. If a fast leak occurred, the needle was adjusted until lower drainage appeared. Cement (Vertebroplastic, DePuy Acromed) was mixed to a paste-like consistency, and application was started with an injector (V-Max, DePuy Acromed) under lateral fluoroscopic control. Direct postoperative X-ray in two planes (all patients) and CT scan (18 patients) was carried out. CT (Siemens Somatom Plus4) was performed with a slice thickness of 3 mm, pitch 4.5 mm and reconstruction increment 1.5. Postoperative mobilization was without restrictions. One orthopaedic surgeon and a radiologist, experienced in spine radiographs and CT scans, examined the postoperative CT scans for cement leaks. Additionally, two orthopaedic surgeons, unaware of the patients' histories, rated the postoperative lateral X-ray first and then the AP view. The leaks detected by the surgeon using lateral fluoroscopy during surgery were collected.
First, the rate of detected leaks by the two readers (orthopaedic surgeons) using X-ray and the surgeon using lateral fluoroscopy was determined in comparison with the CT scans. Second, the agreement between CT and X-ray/fluoroscopy was measured, which included all the vertebrae with postoperative CT scans (18 patients/26 vertebrae). Third, the inter-observer reliability for the two readers was determined by Cohen's kappa (SPSS V 9.0. for Windows), separated for lateral and lateral and AP X-ray (21 patients/29 vertebrae). Leaks were classified according to Yeom et al. [31] : type S leak via the segmental vein ( Fig. 2) , type B via the basivertebral vein ( Fig. 3 ) and type C through a cortical defect (Fig. 4) .
Results
Nineteen lumbar (6·L1, 4·L2, 4·L3, 3·L4, 2·L5) and ten thoracic (1·Th5, 2·Th6, 1·Th7, 2·Th8, 1·Th11, 3·Th12) vertebrae were treated. In five cases, multiple vertebroplasties were performed on a maximum of three levels. The average procedure time was 45 min. When the patients with multi-level vertebroplasties, as well as the patient with undercutting and the two patients with decompression in the same procedure, were excluded, Two complications that required re-operation occured, both in the lumbar spine and both caused by type B leaks (Fig. 3 ). These were recognized by the surgeon intraoperatively and led to either a laminotomy or a laminectomy during the same procedure. The patient given a primary laminectomy had a postoperative CT scan that revealed spinal canal and foraminal narrowing, with clinically incomplete paraparesis, despite laminectomy. Therefore, in addition to the laminectomy, surgical removal of the cement was performed the same day. Symptoms were regressive and the patient is now mobile with a walker, and bladder function has returned to normal. Nevertheless, weakness, especially of the right leg, persisted (grade D1, according to the modified Frankel grading system [4] ). The patient that underwent laminotomy complained postoperatively of radiating pain, and a further neurological examination revealed bilateral radiculopathy L3, which corresponded to the extruded cement (Fig. 3) . Despite administration of analgesics and physical therapy, pain persisted, so surgical decompression was performed 6 days after the vertebroplasty, and the patient recovered. No further complications occurred.
Besides the two symptomatic type B leaks, 27 asymptomatic leaks were detected in postoperative CT scans. Eight (30%) type S, six (22%) type B and 13 (48%) type C. None of the patients with a posterior wall fragment suffered cement extrusion through the fracture gap, in the postoperative CT scans. The rate of detected leaks was 21% (six of 29 leaks) for the surgeon in lateral fluoroscopy, the analogue values of the two readers are presented in Table 1 .
In order to calculate the agreement between CT and X-ray/fluoroscopy, we compared the results of the readers and surgeon with CT, including the negative (no leak) findings. Values are shown in Tables 2 and 3 .
Although every vertebra was examined for three leak types on the same X-ray, we pooled the values and calculated Cohen's kappa. The inter-observer comparison was made for all 21 patients, as everyone had undergone a postoperative X-ray. Kappa statistics were 0.30 for lateral X-ray and 0.37 for lateral and AP view. Kappa statistics are often interpreted as: £ 0.2, poor agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.8, good agreement; greater than 0.8, very good agreement [1] . The statistics between surgeon and readers was not calculated, as different pictures (postoperative X-ray and intraoperative lateral fluoroscopy) were rated. 
Discussion
The rate of reported complications for vertebroplasty are low, with values up to 10% [10, 27, 30] . Although complications are frequent, due to cement leakage, leaks are often only mentioned by a dichotomous registration (leak yes/no) per vertebra. In our study, when we applied this method to the results of our CT scans, we found a leakage rate of 81%, which corresponded to 63% by Yeom et al. [31] . In contrast, if multiple leakage were allowed, we found 29 leaks in 26 vertebrae (1.1 leaks per vertebra). Yeom et al. [31] had 74 leaks in 48 vertebrae (1.5 leaks per vertebra). As every leak can lead to severe neurological or pulmonary complications [12, 13, 16, 22, 24, 26, 28] , independent of whether it drains into segmental or basivertebral veins or through a cortical cleft, it is necessary for multiple extrusions to be recorded. Moreover, a realistic leakage rate can only be determined if multiple leaks per vertebra are included.
The radiological detection of leaks is usually done by intraoperative fluoroscopy or postoperative X-ray. In comparison to the observed leaks in our CT scans, only 34% of these leaks were detected by lateral X-ray and 48% by lateral and AP X-ray (Table 1 ). This is in accordance with results from other studies of 31% and 50% [31] . In this study, the surgon's intraoperative values were even lower, with 21% detected leaks ( Table 1 ). This can be explained by the minor picture resolution of fluoroscopy in comparison to standard X-ray. Additionally, the reading time for the surgeon intraoperatively is much shorter than for the readers in evaluating the postoperative X-rays. Nevertheless, fluoroscopy is the only possibility for continuous intraoperative monitoring. The low detection rate by fluoroscopy or X-ray confirms the need for CT scans, to determine the precise rate of cement leakage in vertebroplasty.
Besides the necessity for intraoperative identification of cement leaks by the surgeon, postoperative identifi- Fig. 4 a CT and b X-ray with type C leak arrow indicates cement in the intervertebral disc cation is important for clinical studies. Here, the interobserver reliability plays an essential part. The inter-observer comparison in this study showed only fair agreement for lateral and biplanar X-ray. In all probability, this will be the same, or even worse, for the intraoperatively used fluoroscopy, which can lead to different leakage rates for several readers. The interobserver differences can eliminate the comparison of studies, e.g. leakage rate of vertebroplasty compared to kyphoplasty by different observers. In our opinion, this also leads to the need for postoperative CT scans for study purposes. Comparison studies are also facilitated if identical or similar classifications are used. The classification by Yeom et al. [31] , used in this study, covers leakage with potential pulmonary sequelae (type S) and neurological sequelae (type B), as well as unpredictable leaks due to the fracture (type C). In further studies, the use of classifications could lead to new perceptions about cement leakage and possible ways to anticipate it.
The detection of type S leaks could be substantially enhanced by the AP view, which is logical, due to their course at the lateral border of the vertebra. It is questionable whether this brings the need for biplanar fluoroscopy. Type S leaks do not usually lead to neurological complications, although they can lead to foraminal narrowing if cement reflow in the vein towards the neural foramen occurs. From that standpoint, it does not seem essential for the additional AP view to be used. However, cement in the segmental vessels could drain and lead to pulmonary embolism [13, 22] , which is a rare reported complication. The disadvantage of bilateral fluoroscopy is that the surgeon must observe simultaneously two fluoroscopy screens. With the current available studies a conclusive decision as to whether intraoperative biplanar fluoroscopy is needed cannot be drawn from our point of view.
Also, when additional AP views were used, type B lesions were frequently (50%-60%, Table 1 ) not detected. The leaks are unrecognized by overprojection of the posterior wall, or they are misinterpreted as cement reflow in the direction of the pedicles, if no crossing of the pedicle border occurs (Fig. 5) . It therefore seems preferable for the needle to be inserted to the trocar after injection, to avoid reflow of cement. As the pedicle is usually not involved in the fracture, it is possible that it does not alter the clinical result. Caution must be given to the fact that insertion of the needle to the trocar leads to further cement filling. Additionally, by leaving the needle and trocar in place, cement extrusion through iatrogenic pedicle erosions (Fig. 6) can be avoided. Injection should also be stopped if cement reaches the posterior part of the vertebra. Thereby, misinterpretation of the cement localization in the posterior vertebral part or already in the spinal canal can be avoided. This also lowers the risk of a cement leak in case of posterior wall fracture (Fig. 6 ). None of the three patients with incomplete burst fractures in our study had cement leakage in the spinal canal. It is questionable whether or not leaks in the basivertebral vein can be prevented with this technique. The basivertebral vein drains the whole vertebral body, and leakage can occur before cement reaches the posterior wall (Fig. 3) .
If cement crosses the pedicle border, cranially or caudally, a leak into the spinal canal can be assumed (Fig. 5) . In our study, both of the complications that required further surgery were due to type B leaks. This is in discordance with Yeom et al. [31] , who state that type B leaks probably do not lead to neurological complications, as distribution resembles normal venous engorgement and cement is contained in the veins. Besides our study, Wenger et al. [28] and Lee et al. [16] also had neurological complications from type B leaks. In our patient with paraparesis, cement was contained in the vein during removal; however, the spinal canal was narrowed by up to 50%. Thus, surgeons should be on the look out for type B patterns, as they can lead to symptomatic complications as well as type C leaks, which can occur in any place around the vertebra.
In clinical studies, pain reduction by vertebroplasty was observed with various amounts of cement, mainly ranging from 2-15 ml [2, 3, 5, 6, 14, 27] . Objective parameters for a satisfying filling are missing. The determination of parameters with regard to the amount of cement needed for vertebroplasty would be a great step forward in decreasing cement leakage rates, as the leakage is dose dependent [25] , and the amount of cement should be reduced as far as possible without affecting the clinical outcome. Nevertheless, the view that leaks are used to indicate satisfactory filling [19] is not shared by us. Eventually, this problem could be partially obviated by kyphoplasty, which may lower the risk of cement extrusion [8, 17, 23] .
The results of this study are limited by the small number of patients. Nevertheless, it is quite obvious that the detection of leaks by X-ray or fluoroscopy has its limitations. After completing this study and the subsequent study of the literature, we believe that cement leakage is an underestimated problem when compared to the reported number of leaks. Although most leaks are clinically asymptomatic, they all bear the risk for sequelae of either transient or permanent nature. In most reported complications, surgeons found no obvious technical mistakes. It appears that even with a perfect technique, cement leakage is, up to a certain percentage, an inevitable and unpredictable complication [11, 21] . On the basis of this assumption, the occurrence of symptomatic cement leakage is something of which surgeons should be aware while performing vertebroplasty.
Conclusions
The rate of cement leakage during vertebroplasty is quite high if precise determination by CT scan, as in this study, is performed. Detection of leaks by fluoroscopy or X-ray is difficult and further complicated by only fair inter-observer agreement. Therefore, for the accurately determination of the rate of leakage CT, with consideration of multiple leaks, is the method of choice. Although the rate of clinically symptomatic leaks is low, the potential for severe complications exists. CT scans are also the best tools to use when it is necessary for one to determine whether postoperative clinical symptoms, such as new or persistent pain, are related to cement extrusion.
